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2background eld. The basic conclusion will be that the
Fierz picture constructed in [4] is naturally present in the
teleparallel construction. In this sense, we can say that
the teleparallel equivalent of general relativity appears to
be a natural framework to deal with the spin-2 theory. In
fact, the small perturbations of the tetrad eld are shown
to reproduce correctly the behavior of the spin-2 eld on
the at Minkowski spacetime. The antisymmetric piece
of the tetrad turns out to be redundant, although taking
into account its explicit contribution makes the under-
lying gauge symmetry more transparent. The general-
ization for the presence of gravitation is straightforward,
and it represents an alternative way to describe the spin-2
particle interacting with an external gravitational eld.
II. TELEPARALLEL GRAVITY: BASIC FACTS
The general structure of teleparallel gravity is pre-
sented in detail in [5, 7, 8, 9, 10]. In this section we
summarize the fundamentals of this theory. In short,
teleparallel approach can be understood as a gauge the-
ory of the spacetime translation group. Using the Greek
alphabet to denote spacetime indices, and the Latin al-
phabet to denote the local frame components, the corre-
sponding gauge potential is represented by the nontrivial
part of the tetrad eld h
a

. This tetrad gives rise to the













which introduces the distant parallelism on a four-
dimensional spacetime manifold. It is a connection that











plays the role of the translational gauge eld strength.
The Weitzenbock connection can be conveniently decom-



































































is the contortion tensor. Correspondingly, all other geo-
metrical and physical objects and operations constructed






denote with a tilde.




































is a tensor written in terms of the Weitzenbock connec-
tion only. Inverting this equation, we obtain torsion in

























The Lagrangian (5) describes what is commonly known
as the teleparallel equivalent of Einstein's general rela-
tivity theory. Performing a variation with respect to the




































is the energy-momentum (pseudo) tensor of the gravita-
tional eld. This equation is known to be equivalent to
the Einstein's equation of general relativity. It is impor-
tant to notice that the left-hand side of the eld equation
































which then provides an easy proof of the Lemma 2 of
[4]. As the source of both eld equations is the symmet-
ric energy-momentum tensor, the equivalence alluded to
above holds also in the presence of matter [11]. It is worth
noticing that the teleparallel eld equation has the same
structure of the Yang-Mills equation, which is consistent
with the fact that teleparallel gravity corresponds to a
gauge theory. We see in this way that the teleparallel
approach to gravitation is more closely related to eld
theory than the general relativity approach.
III. LINEARIZED THEORY






describes the at geom-





= diag(+1; 1; 1; 1). Let us then

























































3with u = u


. Decomposing the perturbation tensor u

























































































Comparison with [4] shows that the rst line is nothing



















































the last term drops out completely from the linearized







This equation yields the correct dynamics of the spin 2
particle in at spacetime, as it is easily seen from the
identity (10). Indeed, substituting the expansion (11)





















































The identity (10) plays the fundamental role in the
teleparallel theory, since it underlies the proof of the
equivalence of Einstein's gravity and the teleparallel
gravity. Now, as a by-product of this identity we have
straightforwardly derived the Lemma 2 of [4].
It is interesting to notice that the teleparallel La-


























Inserting here (17), we can verify that the antisymmetric
eld a

drops out completely, in accordance with the
analysis of the linearized eld equations. This observa-
tion shows that, as a matter of fact, the antisymmetric
eld does not have physical importance. Indeed, one can
show quite generally that, by means of a local Lorentz
transformation, it is always possible to choose a frame
in which the tetrad matrix is symmetric [12, 13, 14]. In
such a frame, the eld a

vanishes, and as a result the
tensor S

coincides (up to a sign) with the Fierz tensor
introduced in [4].
However, there is a certain reason to keep a

non-
trivial. In particular, we can verify the covariance of
the linearized formalism with respect to \general coor-
dinate" spacetime transformations. The demonstration
of this property in [4] is rather long and not very trans-
parent. In contrast, here it is suÆcient to notice that




























The proof is straightforward: One just needs to substi-
tute these formulas into Eq. (17). The original pertur-











complete agreement with the geometrical meaning of the
tetrad.
IV. SPIN-2 FIELD IN THE PRESENCE OF
GRAVITATION
In order to construct the theory for a spin-2 particle
on a curved spacetime, instead of the expansion (11), we















approach is analogous to the treatment of a consistent
spin-2 model as a rst order perturbation of the general
relativity theory [2]. We will denote with an overline ev-
ery other background objects and operations. In order
to simplify the computations, in contrast to the above
described at-space discussion, we will choose the sym-
metric gauge [12, 13, 14] from the very beginning. Then,




























. From now on, the Greek indices will be raised and












Substituting the expansion (25) into the Weitzenbock



























is the background teleparallel
connection, andr























Using this expression in Eqs. (6) and (22), we straight-
forwardly obtain the kinetic term for the spin 2 eld La-




































































The main dierence of the spin-2 model (29) from the
theory studied in [4] is that the covariant derivatives in
(30) are dened with the help of the teleparallel connec-
tion, and not with the help of the Riemannian (Christof-
fel) connection. We thus obtain an alternative way to
describe a spin 2 particle in the presence of gravitation.
The resulting theory is obviously generally covariant.
As it is well known [1, 2, 3, 4], the higher spin theo-
ries are generally inconsistent in the presence of the elec-
tromagnetic and/or gravitational eld. Technically, this
amounts to the non-vanishing covariant divergence of the
corresponding eld operator which, in turn, is related to
the fact that the covariant derivative has a nontrivial
commutator proportional to the curvature. The consis-
tency conditions, derived for the higher spin elds, place
strong restrictions on the spacetime curvature which are
not fullled, in general.
In the teleparallel gravity, the spacetime curvature is












Accordingly, the consistency condition for the theory (29)









If we demand that the consistency conditions should
be satised for all eld congurations, we then have to
conclude that the torsion should vanish. This observation
agrees with the general analysis of the higher spin theo-
ries on the Riemann-Cartan spacetime [15]. A possible
way to avoid the consistency problem is to include non-
minimal coupling terms in the Lagrangian [2, 3]. Since
the curvature is zero, the non-minimal terms may involve
only the torsion tensor. The latter, being of the 3rd rank,
necessarily involves the derivative for the construction of
the invariant contractions. It is straightforward to see

































































to the Lagrangian (29) yields the Riemannian Fierz La-
grangian of [4]. This allows then to solve the consistency
problem.
The theory of massive spin-2 particle [2, 3] was sat-
isfactorily formulated within the framework of the Fierz
approach [4]. Our results also admit a direct general-
ization to the nontrivial mass which we though do not
discuss here since it follows along the same lines as in [4].
V. DISCUSSION AND CONCLUSIONS
Novello and Neves [4] have demonstrated that the Fierz
representation for the spin 2 theory has a number of ad-
vantages as compared to the alternative approaches (such
as the non-ambiguity of the order of derivatives and the
equivalence to the non-minimal curvature Einstein rep-
resentation with the xed coeÆcients of additional terms
[2]). Here, we have shown that the Fierz representation
can be naturally understood on the basis of the telepar-
allel gravity. In particular, we nd that (i) the structure
of the Fierz tensor dened in [4] through an ad hoc pro-
cedure is unambiguously xed by the teleparallel theory;
(ii) the gauge symmetry (23)-(24) underlying the corre-
sponding spin 2 freedom, is manifested straightforwardly;
(iii) the linearized Einstein operator arises immediately
as a consequence of the fundamental identity (10) of the
teleparallel theory. It is worthwhile to note that the an-
tisymmetric piece of the tetrad eld, while being dynam-
ically redundant, plays a signicant role in the formal
derivations. A certain disadvantage of our approach is
the need of the non-minimal coupling of the type (32)
to solve the consistency problem on the curved space-
time. This is similar to the observations made within the
Riemannian approach [2].
Summarizing, in this paper we have developed a new
approach to the description of spin 2 in at and curved
spacetime on the basis of the teleparallel gravity theory.
This approach appears to be a true origin for the Fierz
representation proposed recently in [4].
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